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Introduction 
       One of the major applications of carbon nanotubes (CNTs) is in polymer composites as 
reinforcement material, and CNTs/polymer fibres are of particular interest because of their high 
tensile properties [1]. The tensile property is highly dependent on the dispersing and alignment of 
CNTs in polymer matrix, and also related to the interfacial interaction between CNTs and polymer 
matrix. Most works on CNTs/polymer composite fibres have been focused on understanding the 
effects of polymer type, CNTs/polymer ratio, and the preparation process on the fibre mechanical 
properties. It is not yet known if the morphology of polymer matrix has an influence on the 
mechanical properties of CNTs/polymer fibres.  
       Electrospinning is a very useful technique to prepare polymeric nanofibres. It has been found 
that a well dispersed nanotube/polymer solution can be electrospun into CNTs/polymer nanofibres 
with the CNTs orienting to the axes of the as-spun nanofibres [2, 3]. In this paper, multiwalled 
carbon nanotubes (MWNTs)/poly (vinyl alcohol) (PVA) nanofibres were prepared via an 
electrospinning process, and the as-spun nanofibre membrane was subjected to different post 
treatments. We have found that the post treatment has a significant effect on the mechanical 
properties of the MWNTs/PVA nanofibre membrane. 
Experiment
       MWNTs/PVA nanofibres were prepared by an electrospinning process with the applied 
voltage, collecting distance and flow rate set at 18 kV, 15 cm and 0.6ml/hr, respectively. The as-
spun nanofibre membranes were then subjected to the post treatments, including immersing into 
methanol, or an acetone solution containing a crosslinking agent, or a combination of both. The 
electrospun MWNTs/PVA nanofibres were characterised by SEM, FTIR, Tensile testing, WAXD, 
DSC and TGA, and water contact angle measurements.  
Results and discussion 
      Electrospun MWNTs/PVA nanofibres have a good uniformity with the average fibre diameter 
in the range of 300-430nm (Fig.1a). The post treatments have little influence on the fibrous 
morphology, except increasing the fibre fineness slightly. The average fibre diameter of the 
untreated (control) sample is 295nm, while the average fibre diameter is increased to 393nm, 429 
and 382nm after treatment with methanol, crosslinking and methanol plus crosslinking, 
respectively.  
      Without any post-treatment, the MWNTs/PVA nanofibre membrane shows a relatively weak 
tensile strength, 4MPa (Fig. 1b). When the nanofibre mat was immersed into methanol for 24hrs, 
the tensile strength was more than doubled (11MPa). Further crosslinking the methanol treated 
nanofibre membrane resulted in even higher tensile strength (13MPa). Though, crosslinking also 
improved the tensile strength (8.5MPa), the improvement is not as large as that treated by 
methanol. In addition, the post treatments reduced the tensile strain, but increased the water contact 
angle values.   
Control Methanol Crosslinked Methanol + Crosslinked
4
6
8
10
12
14
S
tr
e
n
g
th
 (
 M
P
 )
                                           (a)                         (b) 
Figure 1: (a) SEM image of the methanol treated MWNT/PVA nanofibre (MWNTs 4.5wt %), (b) Tensile 
strength of the MWNT/PVA nanofibre mat (4.5wt %) with different post treatments 
      The WAXD measurements showed that after methanol treatment, new 2ș peaks appeared at 
16.1 and 32.8 degrees, and the main peak also increased slightly, indicating a change in the 
polymer morphology due to the methanol treatment. However, the crosslinking treated nanofibre 
showed a similar WAXD pattern. The DSC further confirmed the transition peak at 147oC was 
considerably decreased after the methanol treatment, while the crosslinking treatment led to the 
disappearance of the transition peak, and a new and weak transition peak occurred at around 94oC.
In addition, the Tg measurement showed that all post treatments can increase the on-set 
decomposition temperature from 200 to 280oC.
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Figure 2: WAXD patterns and DSC curves of MWNT/PVA nanofiber membrane (MWNTs 4.5wt %)  
Conclusion 
      In summary, MWNTs/PVA nanofibres have been prepared by an electrospinning process, and 
the post treatments have a significant influence on the fibre tensile strength and thermal 
decomposition behaviour. The WAXD and DSC results have confirmed that the post treatment 
leads to significant changes in the polymer morphology. 
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Figure 2: WAXD patterns and DSC curves of MWNT/PVA nanofiber membrane (MWNTs 4.5wt %)  
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